Although biological surveys and taxonomic revisions provide key information to ecological and evolutionary studies, there is a clear lack of floristic and phytogeographic studies of the mountainous regions of Brazil, which harbor some of the most threatened plant ecosystems on the planet. Myrtaceae has been reported to be one of the most important families in the upland areas of Brazil, as well as in the Atlantic Forest Domain. In this study, we investigated the floristic composition of Myrtaceae throughout the Espinhaço Mountain Range and adjacent highlands of central--eastern Brazil, testing the following hypotheses: floristic similarity increases with geographic proximity; and species distribution is affected by geoclimatic variables. We performed statistical analyses using a database containing records of 199 species in 19 areas and of their respective geoclimatic variables. We also performed ordination analysis using non-metric multidimensional scaling (NMDS), the first and second axes of which explained 69% and 78% of the variation, respectively. The NMDS analysis demonstrated that variations in the Myrtaceae flora are highly sensitive to geoclimatic variables and geographic proximity. The NMDS ordination also showed a predominantly south-north gradient, as did the cluster analysis. This gradient was highly correlated with variations in rainfall and temperature, which are also associated with the three domains that coincide with the Espinhaço Mountain Range.
Introduction
Biological surveys and taxonomic revisions provide key information to ecological and evolutionary studies. Greater knowledge of floristic variations has furthered the understanding of phytogeographic patterns and the spatial organization of plant communities (Gentry 1982; Prance 1982; Safford 2007) . Biogeographic hypotheses involving plant species composition, for instance, often result from previous surveys (Clarke & Funk 2005; Funk 2006 ). Nevertheless, most phytogeographic studies conducted in Brazil have been published as sections of phylogenetic studies or floristic descriptions of small areas or of entire domains (Fiaschi & Pirani 2009 ).
There is a clear lack of floristic and phytogeographic studies of the mountain ranges of Brazil, which harbor plant ecosystems that are some of the most threatened on the planet (Webster 1995; Martinelli 2007) , even more so than are those of the Andes (Safford 1999) . The Espinhaço Mountain Range, in central-eastern Brazil, is the second largest mountain range in the country, in terms of its length (ca. 1200 km), its northern and southern extremities being in the municipalities of Jacobina, in the state of Bahia (ca. 11°20'S), and Ouro Branco, in the state of Minas Gerais (ca. 20°30'S), respectively (Giulietti et al. 1997; Harley et al. 1995) . Elevations range from 900 m to 2000 m, and landforms include hilly lands, tablelands, steep crests and deep river valleys. The Espinhaços are known as a major center of plant diversity and endemism (Giulietti et al. 1997) . The predominant vegetation type is campo rupestre (rocky grassland/savanna, sensu Oliveira-Filho 2009), although the vegetation mosaic also includes forest and dwarf forest. The floristic composition of the range is strongly affected by the three domains it crosses (Giulietti et al. 1997) , hereafter referred to as the Southern, Central and Northern Espinhaço. The Southern Espinhaço, in central Minas Gerais, is within the Atlantic Forest Domain; the Central Espinhaço, also in Minas Gerais, lies within the Cerrado (Savanna) Domain (sensu Batalha 2011); and the Northern Espinhaço, in Bahia, which is entirely within the Caatinga (Shrublands) Domain (Harley et al. 1995) , is more often referred to as separate mountain range, the Chapada Diamantina, than as a section of the Espinhaços. In fact, there is a gap between the central and northern portion that adds to the relative isolation of the Northern Espinhaço.
Myrtaceae has been reported to be one of the most important families in the Espinhaço Mountain Range, occurring mainly in gallery forests and areas of campo rupestre (Giulietti et al. 1997) . Within the Central Espinhaço, Kawasaki (1989) reported 11 genera and 46 species for the Serra do Cipó; Hatschbach et al. (2006) reported six genera and 21 species for the Serra do Cabral; and Kawasaki (2004) reported nine genera and 34 species for the Serra de Grão Mogol. In the Northern Espinhaço, Nic Lughadha (1995) reported nine genera and 30 species for the Pico das Almas. Other studies have emphasized the importance of Myrtaceae has also been demonstrated in studies of the floristic composition of other highlands within Minas Gerais, such as the regions known as the "Quadrilátero Ferrífero" (Iron Quadrangle) and "Triângulo Mineiro" (Minas Triangle), as well as the Serra da Mantiqueira Mountain Range (Morais & Lombardi 2006; Viana & Lombardi 2007; Alves & Kolbec 2009 ). Geology, climate and topography are believed to be the leading factors determining the difference in floristic composition between the Espinhaços and the neighboring highlands (Giulietti et al. 1997) . Patterns of species distribution across these highlands may also reflect climatic changes during the Pleistocene, including the coalescence and isolation of plant populations (Gentry 1995) . Studies that relate floristic and environmental aspects in the Espinhaços are therefore of great value in clarifying these issues (Giulietti & Pirani 1988) .
In the present contribution, we investigated the floristic composition of Myrtaceae throughout the Espinhaços and in adjacent upland areas. Our aim was to test the following hypotheses: floristic similarity increases with geographic proximity; and species distribution is affected by geoclimatic variables.
Material and methods

The dataset
We created a database containing metadata on Myrtaceae checklists for the Espinhaço Mountain Range and neighboring highlands, obtained from the literature and from specimens in the collections of the following herbaria (acronyms follow Thiers 2010): the Herbarium of the Federal University of Minas Gerais (acronym, BHCB); the Herbarium of the Federal University of Ouro Preto (acronym, OUPR); and the Herbarium of the Research Institute of the Rio de Janeiro Botanical Garden (acronym, RB). We discarded studies with a high number of indeterminate taxa and did not consider infraspecific categories. We standardized the names by exclusion of nomenclatural synonyms, following Govaerts et al. (2007) and Sobral et al. (2010) . The number of species in some areas therefore differs from that reported in the original literature. We evaluated a total of 19 areas, all at elevations above 700 m a.s.l. (Fig. 1 , Tab. 1). We also used the studies of Sano et al. (2008) and Stehmann et al. (2009) to assess the species endemism in the Cerrado and Atlantic Forest Domains, respectively.
Cluster analysis
We performed a hierarchical classification of floristic areas by applying the unweighted pair group method with arithmetic mean algorithm, with Sørensen coefficients of similarity among areas, using the PAleontological STatistics program (Hammer et al. 2001) . The Sørensen similarity coefficient has been recommended for studies of species-rich communities because it assigns a higher weight to common occurrences (Valentin 2000; Mueller-Dombois & Ellenberg 1974) . Because analyses including and excluding singletons produced very similar cluster topologies, we decided to include them in the original matrix, as recommended by Mueller-Dombois & Ellenberg (1974) for communities with high numbers of unique species.
We performed a Mantel test (Sokal & Rohlf 1995) , using the PC-ORD software package, version 5.0 (McCune & Mefford 2006) , together with a Monte Carlo test, involving 5000 permutations, to compare the matrices of geographic distances and floristic similarities.
Spatial analyses
In order to reduce the dimensionality of the species matrix into ordination axes, we made a number of trials with three ordination techniques available in PC-ORD (McCune & Mefford 2006) and their algorithmic options. We also tried different cut-off levels to eliminate outlying areas. In the end, we chose the set of options that produced the best result in terms of interpretive power of the species composition patterns (Kent & Coker 1992) .
The three ordination techniques were correspondence analysis, also known as reciprocal averaging (Hill 1973) ; non-metric multidimensional scaling (NMDS) ordination analysis, as described by McCune & Grace (2002) , with the quantitative version of Sørensen's distance measure; and detrended correspondence analysis (Hill & Gauch 1980) . The correspondence analysis was discarded because it showed a very strong compression effect (Gauch 1982) . The other two techniques showed no compression and produced similar ordination patterns. We eventually chose NMDS because it is not optimized to depict the most important intrinsic gradients in the data (as does detrended correspondence analysis) but to produce a low-dimensional solution to display the inter-sample (interspecific) relationships. The significance of ordination axes was assesses by Monte Carlo tests applied to the stress in real and randomized data.
We used the software SAM, version 4.0 (Rangel et al. 2010) to produce correlograms for each main NMDS axis, plotting Moran's I across distance classes in order to assess the spatial structure of each set of ordination scores (Legendre & Fortin 1989; Diniz-Filho et al. 2003) . We adopted In order to investigate the relationship among the species composition patterns summarized by the main NMDS axes (ordination scores as response variables) and the set of predictor geoclimatic variables, we performed a number of procedures. Those procedures are described below.
The matrix containing the geoclimatic variables was composed of the median elevation of each area and the 19 bioclimatic parameters yielded by WorldClim, version 1.4 (Hijmans et al. 2005) . We first checked the set of variables for multicollinearity, calculating their variance inflation factor and adopting a cut-off value of 10 (Henderson & Seaby 2007) , which indicated high levels of multicollinearity. The geoclimatic variables maintained were the same for axes 1 and 2 of the NMDS ordination analysis: annual precipitation; isothermality; and total precipitation for the driest quarter. All these models were free of multicollinearity.
We assessed the goodness of fit of the models through the adjusted coefficient of determination (R 2 adj
) and significance (p value), examining the residuals graphically to check them for the linearity assumption. We also tested the residuals for normality using Shapiro-Wilk tests (Zar 2009 ), and they failed to meet that assumption for axis 2 only. We obtained normality for this axis after transforming the variables using the natural log. We then assessed the significance of each predictor variable on the NMDS scores by calculating the total and partial R 2 values and the values of p.
As the lack of spatial independence can inflate the risk of a type I error in statistical tests (Legendre & Fortin 1989) , we tested the residuals for spatial structure (Diniz-Filho et al. 2003) of all generalized linear models (GLMs) through correlograms produced with Moran's I, as described above. For axis 2, in particular, we then tested the global significance of spatial autocorrelations of the correlograms on the basis of the sequential Bonferroni correction, as recommended by Fortin & Dale (2005) . The number and size of distance classes followed the default in the SAM program. All the residuals for axes 1 and 2 were eventually free of spatial autocorrelation.
Results
Similarity among the areas
We reported 199 species and 15 genera in the dataset. The richest genera, collectively accounting for 68% of the total Myrtaceae flora and recorded in all areas, were Myrcia (67 species), Eugenia (62 species) and Psidium (20 species). The genera Algrizea, Neomitranthes and Pimenta, with one species each, were restricted to individual areas. Algrizea macrochlamys, endemic to the Chapada Diamantina Mountain Range, was registered only in the Catolés area.
Neomitranthes glomerata was restricted to the Macaé de Cima Ecological Reserve, and Pimenta pseudocaryophyllus was restricted to the Ibitipoca State Park, Itatiaia National Park and Macaé de Cima Ecological Reserve. Species of Myrceugenia and Siphoneugena were restricted to areas with higher elevation and humidity, i.e., those located in the Quadrilátero Ferrífero and Serra da Mantiqueira regions.
Most of the areas studied contained between 20 and 40 Myrtaceae species. We registered 46 and 49 species in the Itacolomi and Serra do Caraça areas, respectively, and a remarkable richness of 70 species in the Serra do Itatiaia area. We considered species to have a wide distribution if they occurred in 11 or more areas, and only 11 species (5%) met this criterion. In great contrast, 54% of the species identified occurred in a single area, indicating low floristic similarity among the areas. This was also evidenced by the fact that the similarity indices were low (< 0.50) for the comparisons between most of the areas (Tab. 2). The similarity index was highest (0.57) for the comparison between the Catolés and Pico das Almas areas, both in the Chapada Diamantina Mountain Range, followed by 0.55 for that between the Itacolomi and Serra do Caraça areas, both in the southern extreme of the Espinhaço Mountain Range, in central Minas Gerais.
Cluster analyses of the similarity indices (Fig. 2) identified some clear patterns related to the geographic distribution of the species, as follows:
Group I-an outlier, encompassing two southern areas, both in the state of Rio de Janeiro and surrounded by Atlantic Forest: Itatiaia and Macaé de Cima Group II-comprising the Pai Inácio and Chapadinha areas of the Northern Espinhaço, within the semi-arid Caatinga Domain
Group III-including the Serra da Piedade, Ibitipoca and Serra do Cipó areas, together with three areas within the Quadrilátero Ferrífero region (Serra do Caraça, Ouro Branco and Itacolomi), all of which share borders with areas of semideciduous Atlantic Forest as well as with patches of cerrado Group IV-the most complex group, comprising a major subgroup consisting of three areas in the Central Espinhaço (Grão Mogol, Serra do Rio Preto, Serra do Cabral) and two in the western highlands of the Triângulo Mineiro region (Canastra and Delfinópolis), all five areas being within the Cerrado Domain, as well as two minor and rather distinct subgroups, including, respectively, two southern areas within the Cerrado Domain but also bordering areas of semideciduous Atlantic Forest (the Serra da Calçada and Serra de São José areas) and two outliers of the Northern Espinhaço, within the Caatinga Domain (the Catolés and Pico das Almas areas)
Explanatory spatial and environmental variables underlying variations in species composition
Monte Carlo tests applied to the stress in randomized data indicated that the first two NMDS axes were both significant and Itacolomi (MGita); and Group IV-including a major subgroup, comprising Grão Mogol (MGgrao), Serra do Rio Preto (MGpreto), Serra do Cabral (MGcabral), Canastra (MGcana) and Delfinópolis (MGdelfi), a first minor subgroup, comprising Serra da Calçada (MGcalca) and Serra de São José (MGjose), and a second minor subgroup, comprising Catolés (BAcat) and Pico das Almas (BApalm). Similarity patterns were obtained by clustering the Sørensen similarity coefficients and using the unweighted pair group method with arithmetic mean algorithm. Cophenetic correlation coefficient = 0.8399. = caatinga (shrublands); = cerrado (savanna); = semideciduous forest; = rain forest.
(Tab. 3). In the ordination diagram yielded by NMDS (Fig.  3 ) most of the groups defined by the cluster analysis were segregated into distinct sectors, although with more clarity. Axis 1 was quite effective in depicting the north-south gradient, whereas axis 2 was very effective in segregating the two drought-free areas (areas of Atlantic Forest). Two GLMs were produced for the species composition patterns summarized by the area scores on NMDS axes 1 and 2. Those GLMs are given in Tab. 4 together with the selected predictor variables, are shown in Tab. 4. All models produced strong correlations (0.9>R 2 adj >0.7) and highly significant results (p<0.01). The predictors that made the greatest contribution to the models produced for axes 1 and 2 were annual precipitation, isothermality and total precipitation during the driest quarter. For axis 1, those variables explained 69% of the variation in species composition among the 19 upland areas (R 2 adj =0.694), compared with 78% (R 2 adj =0.7802) for axis 2. The Mantel test showed a negative correlation between floristic similarity and geographic distance (p=0.009, R=−0.3452). However, the GLMs showed no spatial structure in the residuals. Therefore no spatial filter was necessary.
Discussion
Tropical vegetation formations, especially those in Brazil, are known for their high species richness, including a considerable proportion of geographically restricted species (Gentry 1995 Ratter et al. (2003) highlighted the high endemism of its flora. On the basis of the floristic checklists used in this study, we can state that Myrtaceae shows a similar pattern in the upland areas of central-eastern Brazil. Of the 199 species in the database employed, 122 (61%) were found to occur in one or two locations, only 11 (5%) occurring in more than 11 of the 19 areas analyzed and therefore considered to have a widespread distribution. These patterns are probably related not only to the contrasting contribution that the three distinct domains make to the savannas and forests of these highlands but also to the peculiar flora of the extensive areas of campo rupestre.
According to Semir (1991) , the peculiar ecological condition of tropical rocky highland vegetation and its history of long periods of isolation are favorable to increased rates of speciation, a fact supported by the high degree of endemism found worldwide in this vegetation formation. The typical campo rupestre vegetation has a large number of species with unique morphological and physiological adaptations to the extreme conditions of soil and climate, such as high solar radiation, wide daily temperature range, strong persistent winds and stress caused excessive or insufficient ground water content (Giulietti et al. 1997; Benites 2001) . Myrtaceae species are no exception, because they are also susceptible to these selective pressures, and the family is among the richest campo rupestre families (Giulietti & Pirani 1988) .
Among the genera of Myrtaceae, some are specific to one area of occurrence. For example, the monotypic genus Algrizea (represented by Algrizea macrochlamys), which was recently described as endemic to the Chapada Diamantina Mountain Range (Proença et al. 2006) , is known only for the Catolés area, in Bahia. Although the genera Neomitranthes and Pimenta are found throughout the Atlantic Forest Domain in general (Landrum 1986 ; Souza 2009), Oliveira-Filho & Fontes (2000) identified Pimenta pseudocaryophyllus as an indicator of upper montane semideciduous and rain forests. Neomitranthes, composed of 14 species and endemic to the Atlantic Forest Domain, was represented by a single species, N. glomerata, in the montane rain forests of the Macaé de Cima area. The genus is apparently poorly represented in semideciduous forests compared to rain forests.
However, there is also an expressive contingent of species that are widely distributed in the neotropics or in two or more domains (Fiaschi & Pirani 2009 ). Several studies mention the strong contribution of Myrtaceae to tree component of neotropical forests, particularly Atlantic Forest (Mori et al. 1983; Gentry 1995; Oliveira-Filho & Fontes 2000; Kamino et al. 2008) . According to Mori et al. (1983) , under particular environmental conditions, such as in forests with a marked period of flooding or montane forests, where elevation is a major factor determining the local species pool, Myrtaceae species become ecologically dominant. The same author suggests that eastern Brazil, which comprises extensive humid forest formations, represents the diversification nucleus of the family, from which the species would have spread to other habitats.
The most widely distributed genera, Eugenia, Psidium and Myrcia, comprise more than 60% of the Myrtaceae flora of the upland areas of Minas Gerais, Bahia and Rio de Janeiro. These three genera are also the richest in Brazil, with 356, 214 and 59 species, respectively (Sobral et al. 2010) . The groups are unequal in terms of geographic distribution and habitats, the species occurrence ranging from broad to narrow. For example, Eugenia punicifolia, E. florida, Psidium guineense, Myrcia splendens, M. guianensis and M. multiflora occur throughout Brazil and in neighboring countries. In stark contrast, Eugenia blanda occurs only in the state of Minas Gerais, and in this study, it was quoted only for the Grão Mogol area; Myrcia vauthieriana is also restricted to Minas Gerais and was found only in the Itacolomi area.
Myrceugenia is an example of a genus with disjunct distribution, occurring in southeastern Brazil and in the Andes. According to Landrum (1981) , this type of distribution can be explained by the vicariance hypothesis and suggests the existence of continuous populations across South America during the Tertiary. During the Miocene, the populations were probably divided from east to west as a result of climate changes during that period, such as the end of oceanic transgression, the rise in temperatures and the Andean uplift. Modern-day species of Myrceugenia typically occur at higher elevations with colder climates. In this study, Myrceugenia species were recorded in the areas where there was a combination of higher elevation and higher humidity (Pico das Almas, Catolés, Serra do Cipó, Ouro Branco, Serra do Caraça, Itacolomi, Calçada, Ibitipoca, Macaé de Cima and Itatiaia).
Geographic proximity affected the floristic similarity between some areas, mainly among those within the Quadrilátero Ferrífero region. Therefore, greater geographic distance translates to lower similarity between areas, in terms of the highland Myrtaceae flora. The distribution patterns of birds in the Espinhaço Mountain Range often resembles that of plants, and also show narrow distribution for various taxa (Vasconcelos 2009) , with geographic distance and patchy habitats playing important roles in the isolation of species. The geographic isolation of the highest peaks, surrounded by a contrasting matrix of soils and climate probably gives rise to island-like environments, which explains much of the high richness of endemic species in such areas (Giulietti et al. 1997; Martinelli 2007) . Geographic isolation is therefore identified as the main reason for the emergence of restricted species, acting as a barrier to dispersal and a restriction to gene flow between populations, which, over evolutionary time, can lead to greater differentiation among genotypes and phenotypes (Lomolino et al. 2010) . Martinelli (2007) argued that the high level of species richness and diversity found in tropical highlands is often attributable to the effects of climatic and geological history on biotic evolution, to the various environmental impacts on adaptive mechanisms and to the continuous dispersion of fauna and flora in time. However, little is known about how these factors affect species richness in the highlands of Brazil. Biotic factors (those intrinsic to the biology of the species) seem to play an important role in the distribution of species along environmental gradients. The pollination of Myrtaceae species, for example, is mainly mediated by bees, whereas seed dispersal is more diversified, the agents including birds, monkeys and smaller mammals (Proença & Gibbs 1994; Gressler et al. 2006) . Eugenia mosenii, for example, seems to depend heavily on large frugivorous birds to disperse its seeds (Pizo 2002; Gressler et al. 2006) . Studies on seed dispersal of Myrtaceae in Brazil are still scarce but have proved useful in understanding the patterns of geographic distribution of species (Almeida-Neto et al. 2008) , underscoring the need for further studies involving the agents of dispersal.
The patterns derived from the two techniques of multivariate analysis (cluster and ordination) were highly congruent and provide strong evidence to support the initial hypotheses. They both showed the influence of spatial proximity as well as that of the domains and their particular geoclimatic characteristics. The main dichotomy among the 19 areas was that between the two areas embedded in a rain forest matrix-Macaé de Cima and Itatiaia-both of which were nearer to the ocean than were the other areas and neither of which had a well-defined dry season, all of the remaining 17 areas having a true dry season, albeit of variable duration (Brade 1956 ). Oliveira-Filho & Fontes The second strongest segregation was that of the four areas in the Northern Espinhaço, or Chapada Diamantina Mountain Range (Pai Inácio, Chapadinha, Catolés and Pico das Almas), which is entirely surrounded by the semi-arid Caatinga Domain. Another factor that might contribute to the high floristic dissimilarity of the Northern Espinhaço is its relative isolation from the rest of the mountain range because of a gap of much lower elevations (ca. 500 m) between the Chapada Diamantina and the Central Espinhaço in Minas Gerais. This region probably increases the degree of isolation by creating a barrier to the migration of typical highland species (Harley 1995) . Apart from these geographical factors, the areas within the Chapada Diamantina also differ from the others to the south in terms of other features, especially their much higher annual minimum temperatures. The flora of the vegetation mosaic, composed mostly of areas of campo rupestre, savanna and forest, is to a certain extent influenced by that of the Caatinga Domain (Harley 1995) . The caatinga shrublands and forests are typically composed of a blend of succulents and deciduous woody plants, many of which bear thorns or spines (Andrade-Lima 1981) . Although many caatinga species are found at the foot and outer slopes of the Chapada Diamantina, the caatinga vegetation is typically poor in Myrtaceae species (Queiroz et al. 2005) . Despite the overwhelming dominance of caatinga vegetation surrounding the Chapada Diamantina, the flora of the highland vegetation mosaic is also strongly influenced by the Cerrado and Atlantic Forest Domains, particularly because of a great number of widely distributed species (Guedes & Orge 1998) , such as Myrcia amazonica, M. guianensis and M. splendens. This probably explains why the cluster analysis grouped the southernmost areas, Catolés and Pico das Almas, together with others of the Central Espinhaço. The southern portion of the Chapada Diamantina, in particular, includes vast areas of cerrado, most of which are over sandy or gravelly soils with low ground water storage capacity (Harley 1995; Zappi 2003) .
The areas receiving greater influence from the cerrado flora include not only the Central Espinhaço areas (Grão Mogol, Serra do Rio Preto and Serra do Cabral) but also the Serra da Calçada area, in the Southern Espinhaço, and upland areas that were more distant, such as the Serra da Canastra and Delfinópolis areas, to the west, and the Serra de São José area, to the south. Although the cerrado flora is the most widespread group, it clearly had a major effect on the presence of typical species, such as Eugenia punicifolia and Campomanesia pubescens. According to Ferreira (1980) , the cerrado vegetation "presents gradients based on physiognomy, edaphic factors and floristic composition". Ribeiro & Walter (1998) proposed the so-called "cerrado rupestre" (rocky savanna), reflecting the gradual transition between the cerrado flora, stricto sensu, and that of the campo rupestre. Romero & Martins (2002) also make this observation when comparing the composition of Melastomataceae in the Serra da Canastra Mountain Range with other localities that have "similar facies", made up of a blend of cerrado and campo rupestre. In addition, our findings support the hypothesis that the Serra da Canastra is a corridor, or stepping stone, between the Espinhaço Mountain Range and the Central Plateau of Brazil, in the state of Goiás, given that most Myrtaceae species of the Serra da Canastra are also typical of areas of cerrado and campo rupestre on the Central Plateau.
The areas receiving greater influence from semideciduous forests within the Atlantic Forest Domain include five areas within the Southern Espinhaço (Serra da Piedade, Serra do Cipó, Caraça, Ouro Branco and Itacolomi) and the Serra do Ibitipoca area, a disjunct portion of the Serra da Mantiqueira. The Itacolomi area is one of the most important geological complexes in Brazil, because of its great mineral wealth and high biodiversity, and has therefore been given the status of "area of special biological importance" (Drummond et al. 2005) . Araújo (2008) and , performing cluster analyses to assess the similarity of Bignoniaceae and Asteraceae floras, respectively, between the Itacolomi area and other areas, found similar groupings, the highest similarities with the Itacolomi area being found for the Serra de Ouro Branco, Caraça and Serra do Cipó areas. The authors attributed this primarily to the geographic proximity between the areas. In the present study, however, we found that the Myrtaceae flora is sensitive to both spatial proximity and geoclimatic variables. The Southern Espinhaço, for example, is characterized by the marked presence of Myrceugenia and Siphoneugena species, which are associated with climates that are more humid and cooler, some species showing disjunct distributions in the Andes (Landrum 1981; McVaugh 1968; Proença 1990) . Coincident with this, the Southern Espinhaço areas showed lower temperatures and higher rainfall rates than did the other areas of the Espinhaços.
Studying the tree flora of semideciduous forests in the Espinhaço Mountain Range, Kamino et al. (2008) highlighted the low floristic similarity between the Itacolomi area (referred to as Ouro Preto) and other areas within the Quadrilátero Ferrífero region, which was probably attributable to the higher elevation and lower temperatures of the former. However, Spósito & Stehmann (2006) found no significant correlations between geographic distance and floristic similarity among eight forest areas within the Quadrilátero Ferrífero region. The authors suggested that variations in temperature, rainfall and elevation, as well as the history of disturbance in particular, are the main factors related to the floristic variation. There is therefore sound evidence that geographic distance can only explain the floristic variations in the Southern Espinhaço when associated with changes in climate, lithology and geomorphology. Water availability, for example, is much higher on the eastern side of the Southern Espinhaço because the elevation increases local rainfall by the forced elevation of windward air masses, whereas the western side is much drier due to the rainshadow effect (Santos et al. 2011) . This explains why the so-called mares de morros (seas of hills), from the Atlantic coast to the eastern slopes of Espinhaço Mountain Range in central Minas Gerais (Saint-Hilaire 1831; Ab'Saber 2003; Gontijo 2008), was previously covered by Atlantic Forest. The inclusion of the Serra do Ibitipoca, a disjunct portion of the Serra da Mantiqueira, in the Southern Espinhaço cluster probably reflects the transitional character of its vegetation mosaic, which includes species typical of Atlantic Forest, campo rupestre and cerrado (Ferreira & Magalhães 1977; Salimena 2000) .
Statistical models were quite efficient in explaining the variance in Myrtaceae species composition among the 19 upland areas studied, demonstrating the strong sensitivity of this flora to geoclimatic factors. Rather than being concentrated into groups, the floristic pattern showed an ordination across a north to south gradient correlated more strongly with the variation in rainfall distribution and lower extremes of temperature, which reflect the main climatic features of the three domains coinciding with the Espinhaço Mountain Range.
The floristic surveys used in this study highlight the richness and uniqueness of the Myrtaceae flora in the upland areas of Brazil, especially in the Espinhaço Mountain Range. Various studies have focused on the especially rich flora and geological formations of these highlands but have also emphasized that there are still many knowledge gaps on the flora of many localities throughout the Espinhaço (Giulietti & Pirani 1988; Almeida-Abreu 1995; Harley 1995; Giulietti et al. 1997; Conceição & Pirani 2005) . The floristic differences between the areas become pronounced when we increase the number of study sites (beta diversity increases). Considering that the decisions on conservation basically focus on species richness and the occurrence of endemic restricted range taxa (Drummond et al. 2005) , we here emphasize the need for further research efforts in order to improve our knowledge of the regional floras, which are the primary sources of information for the development of conservation activities (Funk & Richardson 2002) .
